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320The patients represent a high-risk population (Logistic Euro-
SCORE 31.6  13.2%, Society of Thoracic Surgeons score 12.6 
4.7%). Groups did not differ in terms of age, sex, operative risk
scores, body mass index, comorbidities, disease-related parameters,
pharmacotherapy, blood transfusion, prosthetic valve size, number
of pelvic angiographies, and type of access. No patient was on long-
term dialysis before the intervention. Device success was achieved in
all patients without intraprocedural deaths. With 2 deaths each, 30-
day mortality was not different between groups. The amount of
contrast agent used was markedly lower in group 2 (72.0  30.7 ml
vs. 20.1  8.7 ml; mean D ¼ 51.9 ml [95% conﬁdence interval
(CI): 60.6 to 43.3]). Post-procedural in-hospital stay was shorter
in group 2 (mean D ¼ 3.7 days [95% CI: 5.7 to 1.6]).
Creatinine levels and estimated glomerular ﬁltration rate did not
differ until days 3 and 30 (Fig. 1). Serum creatinine levels in group 1
were higher on day 3 than baseline levels (1.63  0.95 mg/dl vs.
1.05 0.27 mg/dl, p< 0.001), but not in group 2 (1.15 0.55 mg/dl
vs. 1.04  0.28 mg/dl, p ¼ 0.209). In parallel, on day 3, the esti-
mated glomerular ﬁltration rate was only decreased in group 1
(group 1: 47.1  23.2 mg/dl vs. 57.4  21.6 mg/dl, p ¼ 0.009;
group 2: 64.7  29.8 mg/dl vs. 64.1  19.0 mg/dl, p ¼ 0.861). The
risk of the development of stage 3 AKI was lower in group 2 (odds
ratio: 0.47; 95% CI: 0.36 to 0.62). The proportion of patients with
stage 0 AKI was higher in group 2 (80% vs. 63%), whereas the risk
of the development of stage 2 and 3 AKI was lower (7% vs. 23%);
the chi-square test for trend revealed borderline signiﬁcance (p ¼
0.05). The radiocontrast volume requirement decreased to 20.1 
8.7 ml in group 2 (mean D ¼ 61.9 ml [95% CI: 70.6 to 53.3]),
but the risk of procedure-related complications was not higher in
this group (odds ratio: 0.46; 95% CI: 0.10 to 2.05). ICE views
helped position the valve prosthesis properly (Online Video 2). The
use of ICE saved 2 to 6 injections.
This study is limited by its single-center character, making the
results preliminary. The present results do not apply to TAVR
performed with systems other than the Edwards Sapien Trans-
catheter Heart Valve Systems. ICE guidance of TAVR is compat-
ible with monitored anesthesia care in selected patients, reducing
radiocontrast agent requirements, lowering the severity and probably
the rate of AKI, and possibly shortening in-hospital stay after
TAVR in high-risk patients.
Thomas Bartel, MD, Nikolaos Bonaros, MD, Michael Edlinger, MSc,
Corinna Velik-Salchner, MD, Gudrun Feuchtner, MD,
Michael Rudnicki, MD, Silvana Müller, MD*
*Division of Cardiology, Department of Internal Medicine III, Inns-
bruck Medical University, Anichstrasse 35, A-6020 Innsbruck, Austria.
E-mail: silvana.mueller@uki.at
http://dx.doi.org/10.1016/j.jcmg.2013.07.010
Please note: Dr. Bartel is a proctor and lecturer for Biosense Webster Inc. and Edwards
Lifesciences. All other authors have reported that they have no relationships relevant to
the contents of this paper to disclose.R E F E R E N C E S
1. Sinning JM, Ghanem A, Steinhäuser H, et al. Renal function as predictor
of mortality in patients after percutaneous transcatheter aortic valve im-
plantation. J Am Coll Cardiol Intv 2010;3:1141–9.2. Elhmidi Y, Bleiziffer S, Piazza N, et al. Incidence and predictors of acute
kidney injury in patients undergoing transcatheter aortic valve implanta-
tion. Am Heart J 2011;161:735–9.
3. Bagur R, Webb JG, Nietlispach F, et al. Acute kidney injury following
transcatheter aortic valve implantation: predictive factors, prognostic value,
and comparison with surgical aortic valve replacement. Eur Heart J 2010;
31:865–74.
4. Bartel T, Bonaros N, Müller L, et al. Intracardiac echocardiography: a new
guiding tool for transcatheter aortic valve replacement. J Am Soc Echo-
cardiogr 2011;24:966–75.
5. Leon MB, Piazza N, Nikolsky E, et al. Standardized endpoint deﬁnitions
for transcatheter aortic valve implantation clinical trials: a consensus report
from the Valve Academic Research Consortium. Eur Heart J 2011;32:
205–17.
A P P E N D I X
For supplementary videos and their legends, please see the online version of this article.
Semiautomated Quantiﬁcation
of Aortic Annulus Dimensions
on Cardiac CT for TAVR
Computed tomography (CT) is increasingly used for prosthesis
sizing in transcatheter aortic valve replacement (TAVR) because it
enables 3-dimensional assessment of the complex aortic root anat-
omy, including the aortic annulus dimensions and the distance from
the coronary artery oriﬁces to the aortic annulus (1,2). CT can
further predict appropriate C-arm angulation for orthogonal pro-
jection of the annulus plane. However, manual determination of
these measurements is cumbersome and time-consuming. Alterna-
tively, 3-dimensional cardiac CT datasets may be analyzed by
automated computational algorithms (3). The aim of this investi-
gation was to evaluate the accuracy and time-effectiveness of sem-
iautomated model-based annulus computation compared with
manual planimetry in TAVR patients.
Of 54 consecutive patients with severe symptomatic aortic ste-
nosis and tricuspid valve anatomy undergoing dedicated
electrocardiography-gated CT for TAVR planning, 4 patients were
excluded due to insufﬁcient image quality and 50 were included in
this analysis (mean age 82.0  5.8 years; mean aortic valve area 0.7
 0.2 cm2). CT data were reconstructed at 300 ms past the R peak
(section thickness, 0.6 mm) and transferred to a dedicated post-
processing workstation equipped with prototype analysis software
(Heart Valve Analysis Protocol, Siemens Healthcare Sector, For-
chheim, Germany) on the basis of a 3-dimensional anatomic model
of the aortic valve (4) (Figs. 1A to 1C). Both manual and semi-
automated assessments were performed independently by 2
observers with 5 years and no experience in interpreting TAVR-
planning CT studies, respectively. The inexperienced observer
was trained on 10 datasets before the study. Each workﬂow was
repeated after a 4-week interval to deﬁne intraobserver variability.
Formanual assessment, CT image data were reformatted to display
the aortic annulus, deﬁned by a plane transecting the basal attachment
points of the aortic cusps. Planimetry of the aortic annulus was per-
formed bymanually tracking the luminal contours, yielding the cross-
sectional area (A) and perimeter (P). The area-derived diameter and
perimeter-derived diameter were calculated (DA ¼ 2  O(A/p) and
DP¼P/p, respectively). The distance from the aortic annulus plane to
the lower edge of the coronary ostia was measured in a perpendicular
fashion. Finally, the corresponding cranial/caudal angulation of the
Figure 1. Aortic Valvular Complex Model
(A) Anatomic model of the aortic root containing the surface of the aortic root anatomic landmarks (commissures, hinges, and coronary oriﬁces). The 3 most basal
hinge points deﬁne the aortic annulus plane. (B) Example of an estimated patient-speciﬁc aortic root model superimposed on a computed tomography image. (C) The
annulus plane (virtual ring) is deﬁned by the most basal attachment points of the 3 aortic valve cusps, referred to as hinge points. These 3 hinge points are identiﬁed
by the segmentation algorithm, as depicted in the double-oblique transverse view representing the annulus plane (D) and sagittal oblique view (E). The encompassed
aortic annulus contour is delineated on the basis of automated gray-scale detectors with manual correction. (F) Coronary artery oriﬁces and their distances to the aortic
annulus as identiﬁed by the segmentation algorithm (here, the left main coronary artery). (G) Multi-intensity projection of the aortic root with aortic annulus plane
is indicated by a purple disk. (H, I) Bland-Altman analysis for agreement between the manual and model-based assessments for the area-derived annulus diameter
(Darea) and distance to the left coronary ostium (LCO), respectively.
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321annulus plane for an orthogonal projection at a left anterior oblique
angle of 10 was assessed.
For semiautomated assessment, datasets were automatically
processed for identiﬁcation of the anatomic landmarks. The aortic
annulus contour was automatically delineated and then adjusted
manually in all cases (Figs. 1D and 1E). The distances of the
detected coronary ostia were displayed from the midpoint of the
oriﬁce to the annulus plane in an orthogonal fashion and then
manually adjusted to the lower edge of the oriﬁce (Fig. 1F). The
corresponding cranial/caudal angulation of the annulus plane to
achieve an orthogonal projection at a left anterior oblique angle of
10 was automatically displayed (Fig. 1G). The time required for
the analysis including manual adjustments was recorded. Hypo-
thetical valve sizing was on the basis of the DA for implantation
of a balloon-expandable Edwards SAPIEN Heart Valve (Edwards
Lifesciences LLC, Irvine, California) with the following incre-
mental sizing regimen: 23-mm valve for a DA #22 mm, 26-mm
valve for >22 mm to 25 mm, 29-mm valve for >25 mm to 28 mm.The mean analysis time was signiﬁcantly lower for the model-
based measurements in both the experienced (26  8 s vs. 98  12 s,
p < 0.001) and inexperienced (34  11 s vs. 123  18 s, p < 0.001)
observers. All 3 basal hinge points were correctly identiﬁed by the
semiautomated aortic valve model in 47 of 50 patients (94%), whereas
in 3 patients (6%), 1 hinge point had to be manually corrected. Both
coronary oriﬁces were identiﬁed correctly by the model-based
approach in all 50 patients.
For the experienced observer, there was no signiﬁcant difference
between the manual and model-based assessment of the DA and DP,
coronary ostia distance, and angulation prediction. Bland-Altman
analysis revealed no systematic bias (Figs. 1H and 1I). For the expe-
rienced observer, agreement for prosthesis sizing by bothmethods was
found in 44 patients (88%, k ¼ 0.80). Similarly, there was no sig-
niﬁcant difference or systematic bias between both methods when
assessment was performed by the inexperienced observer. Agreement
of prosthesis sizing between both methods was found in only 36 pa-
tients (72%, k¼ 0.54) for the inexperienced observer due to a greater
Figure 1. Mitral Valve Anatomy Assessment and
Steps for Neochord Deployment
(A) A2-dimensional (2D) transesophageal echocardiographic (TEE) viewof the left
ventricle andmitral valve (multiplane imaging, X plane at 0 and 90) permits the
identiﬁcation of themost appropriate point of puncture of the left ventricle (left).
The device is maneuvered into the left ventricle through the mitral valve into the
left atrium. Two reference images are visualized simultaneously. The ﬁrst image is
typically a reference view of MV at 90 , while the second image, which is inverted
right-left (anterior in the right side and posterior in the left side [right]), or “lateral
plane,” represents aplane rotatedat 90 from the referenceplane (OnlineVideo1).
(B) Once the device is into the left atrium, a 3-dimensional (3D) TEE view of the
mitral valve, called “surgical view,” presents the view of the valve similar to that
seen by the surgeon from a left atrial perspective. This view is useful for optimal
orientation with regards to the prolapsing segment of the leaﬂet (Online Video 2).
The 2D and 3D real-time images (C) conﬁrm the good grasping of the leaﬂet
(Online Video 3). (D) The implanted neochord (Neochord DS1000) is easily visible
in the left ventricle (OnlineVideo 4). (E) Final length and tension of theneochord is
achieved by pulling or relaxing it to obtain a satisfactory mitral valve competence
under 2D and 3D TEE color Doppler evaluation. In the left panel, the neochord is
relaxed, and in the right panel, the neochord is tensioned, achieving complete
reduction on mitral regurgitation (Online Videos 5 and 6).
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322variability in manual measurements. Agreement of prosthesis sizing
between both observers was found in 45 patients (90%, k¼ 0.82) for
model-based measurements, but in only 40 patients for manual
measurements (80%, k ¼ 0.80), indicating that the semiautomated
approach may allow for a greater standardization of annulus mea-
surements, particularly in less inexperienced observers.
Despite the availability of new automated systems, observers should
still be proﬁcient in the manual determination of all measurements
required for TAVR planning. Furthermore, this study has the limi-
tation that prosthesis sizing was on the basis of the valve model from a
single vendor. Nevertheless, our data suggest that semiautomated
morphological aortic annulus quantiﬁcation enables fast and accurate
procedural planning with excellent agreement in manual planimetry
and has the potential to improve theworkﬂowand standardize annular
measurements in the evaluation of patients before TAVR.
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TEE-Guided Transapical
Beating-Heart Neochord
Implantation in Mitral Regurgitation
Transapical beating-heart neochord (Neochord DS1000, Minne-
tonka, Minnesota) implantation to repair mitral valve regurgita-
tion has been demonstrated to be a safe and effective minimally
invasive alternative to open surgical repair in selected patients
with mitral leaﬂet prolapse (ﬂail/chordae rupture) (1–3). Suc-
cessful neochord implantation depends on accurate localization of
